Abstract To evaluate how disparities
An industrial spill of tetrachloroethylene (TCE) served as the exposure of interest in a study of perinatal outcomes among women in New York State living within a TCEcontaminated area. TCE in drinking water had previously been associated with congenital anomalies [17] [18] [19] . Women in the study area were found to have significantly elevated rates of LBW (1.36, 95 %CI, 1.07-1.73) and term LBW infants (1.68, 95 %CI, 1.20-2.34) [20] .
AC is home to a diverse urban population, with 13.2 % of the people being African-American. However, 28 % of this minority group between 18 and 64 years of age lived in poverty in 2008. This is the highest rate among major metropolitan areas. Pittsburgh also has the highest rate (62 %) of poverty among African-American children under the age of 5. Eighty percent of African-American babies born in AC are born to single mothers. This figure is startlingly higher than the national levels of 68 % for African-American babies and 36 % for all babies [21] . Current (2007-2010 aggregate) rate of LBW in Allegheny County is 8.00 %, while preterm delivery rate is 12.70 %. In the USA and Northeast USA, the rate of LBW is 8.14 and 8.08 %, respectively. The preterm rates are 12.0 and 11.2 % for the USA and the Northeast USA. Among the African-American population in AC, these rates are 16.5 % among those unmarried, and 11.1 % among married African-Americans. The white population of AC have rates of 9.9 % among those not married and 5.7 % among those who are married [22] .
There are multiple factors that contribute to health outcomes in relation to environmental exposures. Environmental and health disparities exist in the population. The goal of this study was to assess the impact of maternal exposure to DPM, benzene, and TCE in Allegheny County, PA, on adverse birth outcomes and to assess the distribution of environmental pollution and median income across the county at the census tract level.
Methods

Exposure and Outcome Variables
National Air Toxics Assessment (NATA) Data Pollution concentrations were determined from the modeled data provided by the NATA for 2005. The assessment provides estimates of the concentrations, exposures, and broad estimates of the risk from breathing air toxics. The 2005 NATA estimated 177 of the 187 air toxics. The NATA assessment involves compiling a national air toxic emissions inventory of outdoor stationary and mobile sources. These sources include major stationary sources, e.g., large waste incinerators and factories; area and other sources, e.g., dry cleaners, small manufacturers, and wildfires; and both on road and non-road mobile sources, e.g., cars, trucks, planes, and boats.
We used modeled ambient concentrations of the hazardous air pollutants (HAPs) of interest as estimated at the census tract level within Allegheny County (n=416). NATA estimates were downloaded from the EPA website [23] . The air toxic levels of interest for adverse birth outcomes included benzene, DPM, and TCE.
Median Income Data
The median household income for each census tract was downloaded from the US Census American Fact Finder website [24] . The table used was the 2009 B25119 American Community Survey. The median income per census tract is a 5-year average of surveyed data.
Birth Records
All 2005 births records for Allegheny County, Pennsylvania, were obtained from the Pennsylvania Department of Health (n=12,995). Live births less than 500 g were excluded from analysis. Birth records include birth weight, gestation, and personal risk factors for the mother. These included maternal age, education, previous pregnancy outcomes, initiation of prenatal care, and whether they were eligible to use WIC assistance. The outcome LBW was categorized as births <2,500 g. The outcome preterm was births <37 weeks gestation, and term LBW was coded as gestational age ≥37 weeks with a birth weight <2,500 g. Geospatial coordinates were used to link mother's residence to the appropriate census tract using ArcGIS 10.1 mapping software. This final step ensured that each mother received the appropriate census level data for air pollution and median income data.
Statistical Analyses
Concentration Curves
Concentration curves allow for the visual and statistical representation of inequality experienced by the population of interest. Any concentration curve that falls on the line of equality means there is no disparity in concentration levels and median income. If the curve falls below the line there is a disproportionately higher concentration of a given pollution within census tracts of higher median income. When the curve falls above the line, it indicates that disproportionately higher levels of pollution were found within lower median income census tracts. Concentration indices are used to quantify the curves themselves. The index can range from −1 to 1 with 0 indicating no disparity, −1 indicating perfect disparity for the poor, and 1 indicating perfect disparity disproportionately affecting the wealthy [25] . Concentration curves were generated with the World Bank ADePT software version 5.4. The ADePT package runs in conjunction with Stata of which the Stata C 12 version was used. Continuous values of concentration levels and median income were broken into quintiles with ADePT, and concentration curves with standard errors were generated.
Logistic Regression
Univariate logistic regression models were run using each pollutant individually as a predictor of each outcome. Any pollutant that showed a positive statistically significant association with a birth outcome was investigated further by adding appropriate covariates as found in the literature. If a covariate was found to be significantly associated with one birth outcome in the univariate analysis, it was included in the multivariable logistic regression equation that was used in assessing all birth outcomes. Mother's race and educational level were entered into the model as categorical variables. Prenatal care, smoking status, gestational diabetes, gestational hypertension, previous poor birth outcomes, and poverty (measured as WIC assistance) were entered into the model as dichotomous variables. Mother's age and plurality were entered into the model as continuous variables. All statistical analyses were performed using Stata/ SE 13.1.
Results
There were 873 babies born at LBW (8.0 %). Just over 11 % were preterm, and 2.2 % were term LBW. Benzene-estimated exposure was higher for LBW, preterm, and term LBW. DPM concentrations were higher among those with LBW and preterm, but did not appear to be higher among those with term LBW. TCE concentrations were higher among cases of all three adverse birth outcomes. Additional differences were noted. Among those with and without LBW, mothers' age, race, smoking status, WIC eligibility, history of poor birth outcomes, prenatal care, rates of gestational hypertension and singleton births, and educational attainment differed. Among mothers with a preterm delivery, mothers' age did not differ, but the previously noted risk factors and rates of gestational diabetes were different between those born preterm and those at typical gestation. Finally, when comparing mothers who had a child at term LBW to those at typical gestation, mothers who gave birth to term LBW children were less likely to have received their GED or equivalent, were less likely to be white, had fewer singleton births, were more likely to smoke, were more likely to experience gestational hypertension, and a higher proportion were eligible for WIC (Table 1) .
Concentration Curves Figure 1 shows the cumulative percentage of total concentration for each pollutant and cumulative proportion of the population ranked by median income for Allegheny County, Pennsylvania. All concentration curves fall above the line of equality indicating these pollutants of interest show disproportionately higher levels of concentration in lower median income level census tracts (Fig. 1) . Diesel was the least evenly distributed pollutant with the lowest concentration index of −0.1377, followed by TCE (−0.0628) and benzene (−0.0423) ( Table 2 ).
Logistic Regression
Univariable and multivariable logistic regression were used to assess how estimated concentrations of benzene, DPM, and TCE were associated with low birth weight, preterm birth, and term low birth weight. The univariable analyses showed that each pollutant of interest was significantly associated with low birth weight and preterm birth (Table 3) . Additionally, benzene and TCE were significantly associated with term low birth weight. However, only DPM was significantly associated with LBW and preterm births once models were adjusted for covariates of interest (Table 3) . For every one-unit increase in DPM, the odds of LBW increased by 14 % (95 %CI, 2 and 27 %). Both benzene and TCE showed similar trends but were borderline significant (p=0.055 and p=0.074, respectively). For every one-unit increase in DPM, the odds of preterm birth increased by 16 % (95 %CI, 5 and 28 %). The adjusted models included mother's educational level, age, race, prenatal care, plurality, smoking status, gestational diabetes, gestational hypertension, poverty, and previous poor birth outcomes.
Discussion
Pollution concentrations were disproportionately higher in those census tracts with lower median income. Finding disproportionate levels across census tracts is consistent with an analysis of California air pollution exposure levels in minority and high-poverty neighborhoods. Houston et al. determined that children living in high-poverty neighborhoods experience traffic density at levels two times higher than the rest of Southern California [26] . An analysis of county levels of air pollution and birth outcomes found that Asian Pacific Islanders, African-Americans, and Asians were exposed to higher pollution levels and were two times more likely to live in the most polluted counties. Hispanic mothers were the most likely to experience high pollution in comparison to white mothers. The authors found a small increase in the risk of preterm delivery in relation to air pollution exposures but did not determine if the race/ethnicity of the mother was associated with an increased risk of preterm birth [27] . The Institute of Medicine [28] has suggested that those with fewer means may be more susceptible to the adverse health effects of environmental hazards, thereby creating "double jeopardy" for disadvantaged subgroups. These subgroups, often African-Americans, are likely to live near sources of pollution [29, 30] . In this study, we are relying on NATA concentrations. This is one value estimated every 3 years that is attributed to a census tract to represent an annual average based on the National Emissions Inventory data allowing for potential exposure misclassification. However, the Pittsburgh region has a Significant associations were observed between the yearly average diesel particulate air pollutant level and birth outcomes (preterm and LBW). A major limitation of this study is that we were not able to account for any change in residence during the pregnancy. In addition, although the outcome variable was at the individual level, both median income and exposure to hazardous air pollution were at the census tract level. Within an urban area such as Pittsburgh, census tracts are fairly small; within the 730 mile 2 within Allegheny County, there are over 400 census tracts. Similarly, recent work in Allegheny County suggested that exposure to PM 10 during pregnancy was associated with an increased risk of LBW among infants born between 1994 and 2000 to mothers residing in Allegheny County, PA [8] . The impact of particulate and hazardous air pollution exposure on LBW in terms of attributable risk at the population level will be great considering the fact that exposure to air pollution is ubiquitous, and appears to occur disproportionately among the less affluent members of the community. Results indicate that there may be ongoing environmental justice issues wherein poor pregnancy outcomes among the less affluent and minority residents of Allegheny County may be partially attributed to higher pollution levels in those neighborhoods. Further studies are required to elucidate this association and to corroborate the findings of potential public health significance. 
